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Abstract 
Nanocrystalline MgSe thin films have been prepared by varying the quantity of spray solution using the spray pyrolysis 
technique. The effect of the varying quantity of spray solution on the structural, electrical, morphological and optical properties 
of MgSe thin films was investigated. The X-ray diffraction studies revealed that the deposited MgSe has a cubic lattice with 
(111) as the preferred orientation. The optical studies showed that the deposited MgSe exhibited direct optical band gap which 
varied from 2.45 to 2.75 eV depending on the quantity of spray solution. The electrical resistivity of MgSe decreased with an 
increase in temperature indicating its semiconducting nature. The electrical resistivity, activation energy and optical band gap 
energy were found to depend upon the quantity of spray solution. The measurement of thermo-emf with applied temperature 
gradient across the film confirmed its p -type conductivity. 
Copyright © 2016, St. Petersburg Polytechnic University. Production and hosting by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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 1. Introduction 
The alkaline earth chalcogenides such as MgSe,
CaSe, SrSe, etc., have attracted the scientific com-
munity due to their potential applications in various
optoelectronic devices, especially luminescent ones.
Wang et al. [1] have studied the growth of MgSe✩ Peer review under responsibility of St. Petersburg Polytechnic 
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(Peer review under responsibility of St. Petersburg Polytechnic University)films of zinc-blende structure on ZnTe substrates by
the molecular beam epitaxy (MBE) method. The sur-
face reconstructions of MgSe under different flux ra-
tios and growth temperatures were studied. Rouff et
al. [2] have studied MgSe using the energy dispersive
X-ray diffraction to 202 GPa and local density approx-
imation to ultra-soft pseudo-potentials to 500 GPa. It
was reported that MgSe underwent continuous phase
transformation from rocksalt to FeSi. Prete et al.
[3] have reported growth and characterization of Zn-
MgSe and MgSe on (100) GaAs by low-pressure met-
allorganic vapour phase epitaxy (MOVPE). The crys-
tallographic phases of as grown MgSe and ZnMgSe
were investigated. Sahraoui et al. [4] have reported thection and hosting by Elsevier B.V. This is an open access article 
c-nd/4.0/ ). 
. 
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drostatic pressure by the pseudo-potential plane wave 
method. Pendey and Sutjianto [5] have studied struc- 
tural phase transition on MgSe from wurtzite zinc- 
blende to rocksalt phase by the periodic Hartree–Fock 
method. As compared to low pressure, the MOVPE 
and MBE methods used for the deposition of MgSe 
thin films, the spray pyrolysis method has many ad- 
vantages, such as high deposition rate, control of var- 
ious deposition parameters and low cost [6–12] . The 
spray method has been used for several decades in 
glass industry and in solar cell production to deposit 
electrically conducting electrodes. Thin film forma- 
tion using this technique involves spraying a metal 
salt solution onto a heated substrate. The sprayed 
droplet reaching the hot substrate surface undergoes 
spyrolytic decomposition and forms the desired prod- 
uct. The other volatile by-products escape in the va- 
por phase. The quality and properties of the films de- 
pend largely on substrate temperature, precursor solu- 
tion concentration, spray rate and substrate, etc. Pre- 
vious studies have shown that very few reports are 
available on growth of MgSe films by solution growth 
[13, 14] by the metalorganic vapor chemical deposi- 
tion (MOVCD) [5] and MBE [1] methods. The effect 
of triethanolamine (TEA) on the physical properties 
of MgSe thin films grown by the chemical bath depo- 
sition method has been reported in our earlier report 
[15] . The purpose of this work is to investigate the 
effect of the quantity of spray solution on the physi- 
cal properties of MgSe thin films. This paper reports 
structural, electrical and optical properties of MgSe 
thin films prepared by varying the quantity of the spray 
solution from 5 to 30 mL. 
2. Deposition of MgSe thin films 
MgSe thin solid films were prepared using the ver- 
satile spray pyrolysis technique, which is simple and 
economic as compared to the MBE and MOCVD 
methods. The properties of the film can be controlled 
by adjusting the preparative parameters such as sub- 
strate temperature, spray rate, quantity of spray solu- 
tion, pH of spray solution, etc. Aqueous solutions of 
magnesium chloride (MgCl 2 ), selenium oxide (SeO 2 ) 
and triethanolamine NH (CH 2 –CH 2 ) 3 (TEA) were pre- 
pared using double distilled water. The glass substrates 
were ultrasonically cleaned and purged with acetone 
prior to the deposition. The spray solution was pre- 
pared by mixing 10 ml of 0.12 M MgCl 2 , 10 ml of 
0.1 M TEA and 10 ml of 0.13 M SeO 2 . The MgSe 
thin films of various thicknesses were deposited by spraying 5, 10, 15, 20, 25 and 30 ml of spray solution 
onto preheated amorphous glass substrates, maintained 
at a temperature of 523 K. The spray rate was kept at 
4 ml/min. The distance of 25 cm was kept between the 
substrate and the nozzle. The MgSe film thickness was 
measured using weight difference method (by sensi- 
tive microbalance for thin films) and considering bulk 
density of MgSe. 
The X-ray diffractogram was recorded using PAN- 
alytical X’Pert PRO MRD diffractometer with CuK α
line in 2 θ range from 20 º to 90 º. The compositional 
analysis of the deposited film was carried out by En- 
ergy Dispersive X-ray Spectroscopy and microstruc- 
ture aspects of the films were studied with a JOEL’S 
JSM-7600F Scanning Electron Microscope with the 
resolution of 1 nm and an Atomic Force Microscope 
(AFM) from Park Scientific Instruments. The optical 
absorption spectrum was recorded using the JASCO 
V-530 UV/visible Spectrophotometer at normal inci- 
dence in the wavelength range from 300 to 900 nm. 
The electrical resistivity of the film was measured in 
the temperature range from 300 to 550 K by employ- 
ing the two point probe method; quick drying silver 
paste was used as a contact material. A chromel–
alumel thermocouple was used to measure the tem- 
perature of the sample. The type of electrical con- 
ductivity of the films was determined from the sign 
of the thermo-emf developed across the hot and cold 
junction. 
3. Results and discussion 
3.1. Film formation mechanism 
The aqueous solution containing Mg 2 + ions com- 
plexed with TEA, i.e. [Mg (TEA)] 2 + along with SeO 2 , 
was sprayed onto hot substrates kept at a tempera- 
ture of 523 K. The sprayed droplets underwent thermal 
decomposition and well-adherent milk-white colored 
MgSe thin films were deposited. The film formation 
takes place according to the following reaction: 
SeO 2 + H 2 O → H 2 SeO 3 ; (1) 
[Mg(TEA)] 2 + + H 2 SeO 3 + 4 Cl – → (523 K) 
→ MgSe ↓ + TEA + HCl ↑ + 2O 2 ↑ . (2) 
The deposited films were uniform, pinhole-free and 
adherent to the glass substrate. Fig. 1 shows the vari- 
ation of film thickness as a function of the quantity 
of spray solution. The film thickness is 145 nm for 
a 5 ml spray solution and it increases to 188 nm as 
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Fig. 1. Variation of MgSe film thickness (nm) with quantity of spray solution. 
Table 1 
Grain size, electrical resistivity at 373 K, band-gap energy and activation energy values of MgSe thin 
film. 
Spray solution 
volume (ml) 
Film thickness 
(nm) 
Band gap 
energy (eV) 
Activation 
energy (eV) 
Grain size 
(nm) 
ρ × 10 2 
( -cm), at 
373 K 
05 145 2.75 0.97 11 23 
10 188 2.45 0.86 24 11 
15 184 2.50 0.87 21 13 
20 179 2.60 0.88 17 14 
25 168 2.65 0.90 13 07 
30 157 2.69 0.92 10 20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 the spray solution becomes 10 ml. However, a slight
decrease in the film thickness was observed with a
further increase in the quantity of the spray solution.
This may be due to incomplete thermal decomposition
of the spray solution. Here, the optimum quantity of
the spray solution was found to be 10 ml and above it
the film surface started becoming somewhat powdery,
giving lower thickness [16] . 
3.2. Structural studies 
The grown films were characterized by X-ray
diffraction (XRD) using CuK α radiation, for struc-
tural identification and changes in the crystallinity
of MgSe. Fig. 2 shows XRD patterns of MgSe
films deposited by varying the quantity of the spray
solution. 
The films are nanocrystalline in nature with cubic
lattice (see Table 1 ). The XRD pattern exhibits the ma-
jor (111) orientation which becomes prominent with
an increase in thickness. Beside this, other diffraction
peaks of (200), (220) and (400) are observed. These
patterns clearly demonstrate that the film thickness of
188 nm deposited by spraying 10 ml of the solution ismore oriented than others. The variation in peak in-
tensity with respect to the quantity of the spray solu-
tion may also be attributed to the variation in the film
thickness and the grain structure. The average crys-
tallite size of the deposited material was determined
using Debye–Scherer’s formula: 
d = 0. 9 λ/ ( βcos θ ) , (3)
where β is the peak width at half-height (in radians),
λ is the wavelength of CuK α radiation ( λ= 1.5418 ˚A),
θ is Bragg’s diffraction angle at peak position (in de-
grees). 
The average crystallite size was found to vary be-
tween 10 and 24 nm as the film thickness was changed
from 145 to 188 nm (see Table 1 ). Above 10 ml of the
spray solution, the film thickness and grain size grad-
ually decrease due to the formation of powdery film.
Consequently, the thicker films consist of larger grains
as compared to the thinner ones. 
3.3. Surface morphology 
Fig. 3 shows scanning electron microscopy (SEM)
micrographs of spray-deposited MgSe thin films. The
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Fig. 2. X-ray diffraction patterns of MgSe thin films deposited by changing quantity of spray solution. SEM micrograph reveals that the substrates were 
well-covered with a uniform distribution of a large 
number of fine grains. As the quantity of spray 
solution increased from 5 to 10 mL, a remarkable 
grain growth is observed. The film deposited using 
10 ml spray solution has well-defined MgSe nano- 
rods along with spherical grains showing spikes on 
the surface. However, this type of morphology is sup- 
pressed as the quantity of the spray solution is in- 
creased above 10 mL. This fact confirms that films 
deposited with the optimum quantity of the spray so- 
lution, i.e., 10 ml, are more useful due to their porous 
nature. 
A typical energy dispersive X-ray analysis (EDAX) 
spectrum of MgSe thin film deposited using the spray 
solution of the volume ranging from 5 to 30 ml is 
shown in Fig. 4 . The formation of MgSe is confirmed 
from the elemental analysis. Other peaks appearing 
due to glass substrate can also be observed. 
Fig. 5 shows an atomic force microscopy (AFM) 
image of MgSe films deposited with 05 and 10 ml of 
the spray solution. It is evident that the film surface 
is uniform and homogenous. 3.4. Optical properties 
The optical absorption spectra of the films of dif- 
ferent thicknesses were recorded and analyzed to es- 
timate band gap energies of MgSe. The variation in 
absorption density αt with a wavelength λ for all the 
samples is shown in Fig. 6 . It is evident that the ab- 
sorption coefficient of the MgSe film is of the order 
of 10 4 cm −1 . 
To confirm the nature of the optical transition in 
these samples, the optical data was analyzed using the 
classical relationship [17] : 
αhν = A (E g − hν
)n 
, (4) 
where α is the absorption coefficient, A is the constant, 
h is the Planck constant, ν is the photon frequency, E g 
is the optical band-gap energy, and n is 1/2 and 2 for 
the direct and the indirect transition, respectively. 
Fig. 7 shows the variation of ( αh ν) 2 values versus 
h ν values for MgSe thin films of various thicknesses. 
The extrapolation of the straight-line portion of the 
plot to zero absorption coefficient gives the value of 
the band gap energy E g . 
Y.S. Sakhare et al. / St. Petersburg Polytechnical University Journal: Physics and Mathematics 2 (2016) 17–26 21 
A                   B
C
                                  
D
E F
Fig. 3. SEM images of MgSe thin films deposited by changing quantity of spray solution. Volume of spray solution: (A) 05 ml (B) 10 ml (C) 
15 ml (D) 20 ml (E) 25 ml and (F) 30 ml. 
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Fig. 4. Typical EDAX spectrum of MgSe thin film of thickness 188 nm. 
Fig. 5. AFM images of spray deposited MgSe thin films deposited by varying spray solution.(A) 05 ml (B) 10 ml. Fig. 8 shows the changing of the optical band- 
gap energy of the MgSe thin film with the vol- 
ume of the spray solution. The energy gap increases 
from 2.45 to 2.75 eV as the film thickness decreases 
from 188 to 145 nm [18,19] . The red shift ob- 
served in the absorption edge of MgSe thin film re- 
sults from the smaller grain size of the nanostruc- 
tured material as the quantum size effect becomes 
prominent [20] . 
3.5. Electrical properties 
The d.c. electrical resistivity of all the deposited 
samples was studied in the temperature range from 
300 to 500 K using the two-probe method. The vari- ation of the log ρ value with the reciprocal of tem- 
perature (1000/ T ) is shown in Fig. 9 . The electrical 
resistivity follows the relation 
ρ = ρ0 exp ( −E a / ( kT ) ) , (5) 
where ρ is the resistivity at temperature T , ρ0 is the 
constant, k is the Boltzmann constant, E a is the acti- 
vation energy required for conduction. 
The electrical resistivity of thinner film was found 
to be 2.3 ×10 3  cm and it decreases to 1.1 ×10 3  cm 
as film thickness becomes 188 nm. The improvement 
in crystallinity and the grain size with thickness in- 
duces conductivity. Fig. 10 shows the dependence of 
electrical resistivity on the volume of the spray so- 
lution for the MgSe thin film. For all the samples 
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Fig. 6. Plots of optical absorption ( αt ) versus wavelength λ (nm) for MgSe thin films deposited by changing quantity of spray solution. 
Fig. 7. Plots of ( αh υ) 2 versus h υ for MgSe films. Volume of spray solution: (A) 05 ml (B) 10 ml (C) 15 ml (D) 20 ml (E) 25 ml and (F) 
30 ml. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 it was obtained that the electrical resistivity decreases
with an increase in temperature, confirming the semi-
conducting nature of MgSe. The thermal activation
energies were calculated and were found to vary
from 0.97 to 0.87 eV depending on film thickness
( Fig. 11 ).This variation in the activation energy with
the film thickness is due to the changes in the crys-
talline structure and density of dislocations in the
film. 
3.6. Thermo-emf measurement 
The temperature difference applied across the film
causes the transport of carriers from the hot end tothe cold one thus creating an electric field. It was
concluded from the polarity of the thermoelectric-emf
that MgSe film exhibited p -type conductivity. Fig. 12
shows the variation of thermo-emf with applied tem-
perature difference. 
It is evident that the thermo-emf increases lin-
early with the applied temperature difference. The
thermo-emf developed across the film increases with
thickness, which may be due to the improvement
in the crystalline structure of the film [21] . At lower
thickness the grain boundary scattering is prominent
which may decrease with thickness due to the grain
growth. 
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Fig. 8. Variation of optical band gap energy (eV) of MgSe film with volume of spray solution. 
Fig. 9. Variation of log ( ρ) vs. (1/T) × 10 3 (K −1 ) for MgSe thin films deposited by varying the quantity of spray solution. 
Fig. 10. Variation of resistivity ( -cm) of MgSe at 373 K thin films with volume of spray solution. 
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Fig. 11. Variation of activation energy (eV) of MgSe thin film with volume of spray solution. 
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Fig. 12. Plots of thermo e.m.f. versus temperature differences (K) applied across the MgSe thin films. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 4. Conclusions 
Magnesium selenide thin films of thickness from
145 to 188 nm were deposited onto glass substrates at
523 K using the spray pyrolysis technique with vary-
ing the quantity of the spray solution. The grown films
are nanocrystalline in nature with cubic structure. The
crystallinity and the grain size of MgSe is improved
with thickness. The films deposited by spraying 10 ml
of the solution are porous, showing growth of nano-
rods. The optical band-gap energy decreases with an
increase in film thickness. It is, therefore, concluded
that the physical properties of the magnesium selenide
films can be customized by merely controlling the film
thickness, which in turn becomes suitable for a par-
ticular application. References 
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